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   2011 ,       1985 .,  
      1982 . ( ).  

 ,       
    Д1, 2Ж,  . ,   

    « -2» Д2Ж ( . 1), 
   ,    
 ( )        
,          «  

 - »   « »  2007 .    
        ( )  

 № 2   ( -2)   ( ) (1985 .). 
   « -2» :   

(     );     
;   (       

 );    SBS-75 (  
);    (Notebook). 

 

 
 1 –          -2  

(1985 .) [Radiation survey in the zone of influence of liquid radioactive waste leakage from No. 2 of 

Novovoronezh NPP liquid waste storage (1985)] 

 

       
(   ),    1 Д1, 2Ж,   

    ( ) .  
 

 1 –         
  ( . .) [Comparison of radiation monitoring results of bottom sediments by 

sampling and remote sensing methods (rel. units)] 

№ 
   , %  ( )  (« -2») 

1 40 ± 1,21 41 ± 10 2,5 

2 3,4 ± 1,0 3,2 ± 0,9 6,3 

3 6,5 ± 1,8 6,7 ± 1,7 3,1 

4 0,4 ± 0,1 0,4 ± 0,1 < 1 

5 42 ± 12 39 ± 10 2,6 

6 1,0 ± 0,3 0,85 ± 0,20 18 

   (  = 0,95) 

 

       
       

  ,   
 ,      

 ,       , 
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(on-line).        
, , ,    « »  

   ( . . 1).  ,  
 ,     
 ,    

     ,  ,  
,          

 .  
 ,     ,   

     (   
10 )          

   (   , 
),     , 

       γ-  
,   ,       

,      
  ,   .   
   ,      (   1,5 ) 

    γ- ,  
  γ- , ,     
   ,       

-  ,     ,  
    ,   

,       , 
    . ,  

,    ,   
,    ,    

   ,      
    ,   ,  

    2:    – 1)   
 ( ) – 2),    , 

   .   
      – 3),   

,  . 

 
 2 –        [Schematic diagram of receiving 

and transmitting information of an underwater dosimetry complex] 

 

       , 
     ( - )    . 

     ,   
  .      3,  
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     (  
 ) – 1);  « »   – 2); 

  – 3);  – 4);  – 5);  – 6);   
γ-  – 7); γ-  – 8);  – 9);  – 10);  

 – 11);  – 12);      – 13);   – 

14);  – 15),  – 16),      
 (  300 ),       « »  
,         – 17).  

 

 
 3 –         

   (7, 8),  (16)     (17)  -2  
(1985 .) [Schematic diagram of an underwater radio-controlled apparatus of an underwater dosimetry complex 

with dosimetry equipment on board (7, 8), a gas holder (16) and seawater pumps (17) from No. 2 of 

Novovoronezh NPP liquid waste storage (1985)] 

 

      
    ,    

  [1Ж,     
       hD,  

      γ-  ,  
   ,   - . , 

      γ-   
  , ,      

     hD = 40 ,   
  ,      

   RD = 0,75hD ( . 4) [3].  
 

 
 4 –       -  [The method for 

determining the bottom activity in cooling ponds] 
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      ,  
      

        
       10    . 

         
        Д4Ж,   

 5,   ,       
  (    ,    

)     ,    
    [5].  

 

 
 5 –         

(1)   (2) ,   0 °C (a)  25 °  (b) [4] [Spectral dependence of the absorption 

МШОППТМТОЧЭ ШП ОХОМЭЫШЦКРЧОЭТМ аКЯОЬ ПШЫ ПЫОЬС (1) КЧН ЬОК (2) аКЭОЫ, КЭ К ЭОЦЩОЫКЭЮЫО ШП 0 ° C (a) КЧН 25 ° C (b)] 

 

    ,       
  ,     

 ,    ,    
 . 

     .   
γ- ,   γ-   . ., . .   

   ( . . 3),      
,       , 

      ( . . 2), . . 
        ,  

 « »   ( . . 2 . 3). ,   ( . 
. 14 . 3)   ( . . 13 . 3) ,     

( . . 3 . 3),           
,    ( . . 15 . 3).   

   ,   
  γ-  ( . . 8 . 3)  γ-  ( . . 7 . 3) 

   .  ( . . 10 . 3)   
   ,   ( . . 9 . 3)   

.         
 ,      6 , : 1) –   

 – 2)   – 3),     – 13),   
– 4)   – 5)     «   » –  

    – 6),     – 7); 

 – 9)      – 7);  
 – 8)      « »   

,   . 
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 6 –   ,    /   

 [A model of an underwater vehicle which is a submersion / ascent system of an underwater dosimetry complex] 

 

    ,    
,       ,   , 

  . « »   (   « ») 
    ( . . 3).    ( . . 17 . 

3)      « » ( . . 2 . 3), 

   ,   (  ) 
  (  ).     ( . . 3). 
   ,    

     , ,   
  « »       ,   

,      « »   
.          

   ( . . 4 . 6 )    
   « » ( . . 6 . 6 ),  .  

 /     
    ,   -  

(    ). 
    « » ( . . 6 )     

( . . 8 . 6),        
 ( . . 9 . 6),      ,   

  « »    ( . . 8 . 6), 
          

 ( . . 10 . 6),   « » ( . . 6 ).  
       ,   

   ,   .   
   ( . . 4 . 6),    ( . 

. 3 . 6) (       , 
    « »)     ( . . 

8 . 6),      « »,     
     ,    

  « »,   .   
,     « »,       
  (h > 10 ).       Ph = h/10 , 

         ,   
    « »  .  « » ( . . 6 )  

    ( . . 12 . 6 )    
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( . . 13 . 6 ),       ( . . 2 . 6 ), 
     ( . . 13 . 6 ).   

         , 
 ,   ,      
 / ,     . 

       « »,   
         . 

,  ,  ,     ,   
         

 « »  .       . 
 

   « »       
         

     « »   l,   
  « »      l = mr (m –  ); 

m  –    ,   . , 
      R = 35 .   L.  

          L = GR, G = 3 ‒ 4. 

      ρ Х = 2,7 / 3.  М  
  « » d = 0,5 ;   ρ  = 1 / 3

; m . .–  
      . 

     « »   , 
    ,    « » 

 ,  ,       
Fy = FArsinφ, FAr = ρ ghdSn, n –    ( . 7). 

 

 
 

 7 –       « »  
   [The question of evaluating the optimal radius of the "tank" ballast water] 

 

     ,     
« » rT    .  : [2πR

2
dρ Х(G+1)+2m . .]g 

–   ; 4πr
2
dρAl[m+1]g –   « »; 2πr

3
mρ g –   

 « ».   h = Rsinφ, dFy = ρ gRsinφ·ds; ds = Ldl = GRdl;    √          √        ,   ,     , 
   (1):  
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y
2 

+ x
2
 = R

2
,                                                             (1) 

 

     dy/dx  x = Rcosφ ( . . 7),   

dFy = ρ R
2
Lgsin

2φdφ ,   φ, 0 ≤ φ ≤ π,  Fy= ρ R
2
Lgπ/2.   

   « »      
  (2): 

 

 [R
2
dρ Х(G+1)+m . ./π Ж+2r

2
dρΑХ(m+1)+r

3
mρ  = ρ R

3
G/4.                      (2) 

 

 ,   « »   r   
    (3):  

 

r  
3 + r  

2(2Н×ρΑ Х(m+1))/mρ   + [R2Н×ρ  Х(G+1)+m .  ./π Ж/mρ  - ρ  R
3G/4mρ  =  0.                              (3) 

 

       
[6]: x

3
 + ax

2
 + bx + c = 0    :  

 = (2dρAl(m+1))/mρ ; b = 0;c = [R
2
dρAl(G+1)+m . ./π - 0,25ρ R

3
G]/mρ .  

 (  )   .   
: x = y – a/3,   (4):                                                         

 

                                                             y
3
 + py + q = 0,                                                             (4)  

                                                           

  p   =  ̠   a
2
/3 + b;     q   =   2(a/3)

3
 ̠   ab/3  +  c;      :   

 

y1  =  A + B; 

 

 

 

 

 ,      
 « » r       m    

,    G (  ),    L,  

 (5): 
                                                          

 rT = y1 – a/3 = A + B – a/3.                                                         (5) 

 

  r ,      m  G, 

   2,    8 ‒    r  « », 
   m      G. 

 

 2 –   « » r      m [Dependence of the radius r  

ШП ЭСО “ЭКЧФ” ШП ЛКХХКЬЭ аКЭОЫ ШЧ ЭСО ЩКЫКЦОЭОЫ m] 

m r (m, G = 3) r (m, G = 4) 

2 22.02 24.503 
3 19.202 21.387 
4 17.415 19.4 
5 16.136 17.978 
6 15.155 16.888 
7 14.368 16.014 
8 13.718 15.292 
9 13.166 14.68 
10 12.691 14.151 
11 12.271 13.689 
12 11.905 13.279 
13 11.575 12.912 

;
23

,
2

,
2

23

33 
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  2 
m r (m, G = 3) r (m, G = 4) 
14 11.276 12.584 
15 11.005 12.28 
16 10.756 12.004 
17 10.528 11.75 
18 10.316 11.515 
19 10.12 11.297 
20 9.937 11.094 
21 9.766 10.904 
22 9.605 10.726 
23 9.454 10.588 
24 9.311 10.399 
25 9.176 10.249 
26 9.047 10.107 
27 8.926 9.972 

 

 
 

 8 –   r  « »     m,   
« » l (l = mrT)     G,     (L = GR),  

G = 3 (1); G = 4 (2) [Dependence of the radius r  of the «tank» of ballast water on the parameter m which 

determines the length of the «tank» l (l = mrT), depending on the parameter G which determines the length of 

the underwater vehicle (L = GR), G = 3 (1); G = 4 (2)]  
 

  4   8 ,     m  « » 
,   .    « »    

  ,  .      
  « ».   8 ,     L = 140   

(G = 4)    « »,      
 ,    ,   r  = 14,68   

(m = 9) (   « » l = 133,2 ).   « » , , 
  « »  , , r   (m = 8),   
          

   « »,     .   
         

          
 ,    ,   : 

Σlimi = 0; i = 1, 2, 3, . . N,  li –        
  i-     mi; N –   .   

          (   
          

 ( ).         
,     ). 

      
/       9,   
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1 –        « »   
    (  ); 2 –     

   « »       (  
); 3 –        « » 
      « » (  ); 4 –  

      « »       
(  ); 5 –  ,     

 (  ); 6, 14, 15 –    Бδ6009E1;  
7 –  DC 5.    8 ‒ -12 433  SТ4463 

 ; 9, 10 ‒   ; 11 ‒  εEGA 2560; 
12 ‒  ; 13 ‒ ; 16, 18 ‒    ;  
17 ‒  (   ) . 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 9 –      [Diagram of electronic modules of the 

radio-controlled underwater dosimetry complex] 

 

        10. 

       
/       :  

19 ‒  ; 20 ‒ ; 21 ‒ ; 22 ‒  
  LM2596; 23 ‒ -12 433  Si4463  ; 24   

25 ‒ . 
 

 
 10 –     [Diagram of the control panel of the underwater dosimetry 

complex] 
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      . 
    /   ,  

          
 ( . ).      ( . . 24, 25  

. 10).  ( . . 24 . 10)   ,   
       ( . . 23  

. 10)    .  ,      
   ( . . 8),  ( . . 11 . 9)    

         
 ( . . 7 . 9)     ( . . 1, 2 . 

9)        « »      
  ( . . 17 . 9).  ( . . 16, 18 . 9)   

 ,      ,  
   .      . 

 ( . . 25 . 10)   ,   
      ( . . 23 . 10)  

   .  ,       
  ( . . 8 . 9),  ( . . 11 . 9)     

         ( . 
. 7 . 9)     ( . . 3, 4 . 9)   

     « »,    ( . . 5 
. 9)     .       

,     .     
 . -       

: /     11,    
: n-       (0 ‒ 255),  

L ‒  « »  , 1 ‒       « »,  
2 ‒       « », 3 ‒      

 « », 4 ‒       « », 5 ‒    
  , 1 ‒       « », 2 ‒   

    « ». 

 11 – -     /   [Block diagram of the 

control unit for the processes of immersion / ascent of an underwater dosimetry complex] 
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  12      , 
       .  

        
 .       ( . . 13 

. 6 ),   ( . . 2 . 6 ). 
 

 
 12 –   ,      

    ДCШЧНТЭТШЧЬ ПШЫ ЭСО ОбЩОЫТЦОЧЭ НОЦШЧЬЭЫКЭТЧР ЭСО ТЦЦОЫЬТШЧ КЧН 
ascent of the apparatus model in the technical pool] 

 

  13 –  : , , ,  –  ,   
     (  

        ,    
  ( , , );      –   

 ); , ,  –   (    
    « » ( , )     

 ( )    ). 
  

 
)                                           )                                          )                                      ) 

 

  
)                                          )                                                           ) 

 13 –       [Details of the process of submersion and 

ascent of the underwater dosimetry complex] 

  

   

        
    , . .   - ; 

     ,   
.  ,     ,   
      ,   

   .        
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    « »,     « »   
       ,     

        ,  
  « »      .  

    , ,   , 
       ,   
,    ,     ,  
       ,    

  .   , . .    -   
,   ,    . 

   
        ,  

  ,        , 
   ,       

  ,    ,    
      GPS.   

         
        

 ,    .  
        

,      γ- , 
   γ-       

  ( )   ,   
     ,    . 

    .  , 
   ,     

 ,      
      ,   

      .   
( )        

      ( ) ,   
   .     

,      ,  
      

 

 ( . 14),       . 
        

      Д7Ж.  
 

 
 14 –        ДAЧ 

example of a radiation pattern of a direct transducer ultrasonic transducer] 

                                                             
 Д   -    ч         ч      ч . А ч   - ч  , х щ  ч  ч  х    щ  ,   ч   ,    х ,  . Ц  ч  ,  х       ,   ,  х  ч  8 -85%  ч .  
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    ,       
,      ,    , 

     ,     
,     ( )   

  .    
        3 [8],   , 

    f   ,  
   ,    100 - 200 .  

 

 3 –     ДAМШЮЬЭТМ аКЯО ЩЫШЩКРКЭТШЧ НТЬЭКЧМОЖ 

f,  10 20 30 100 500 1000 

,  220 55 24 2,20 0,088 0,022 

,  400 100 44 4 0,16 0,04 

   

 ,  
1-100 1-20 ~1 0 0 0 

 

        .   
      

    ,       
 15,      –    
 16.  

 

 
 

 15 –             

 Lucky Fish Finder FF1108-1 ( )    45°,   200   

   (  )  100  [Block diagram of a model of an 

ultrasonic communication channel in an aquatic environment based on the Lucky Fish Finder FF1108-1 echo 

sounder sensors (China) with a radiation angle of 45 °, an operating frequency of 200 kHz and the maximum 

possible immersion (operating depth) at 100 m] 

 

 
 16 –  -   ( )  , 

        ,  
     ( )     201,44 – 203,75  (  
) ДEбЩОЫТЦОЧЭКХ КЦЩХТЭЮНО-frequency characteristic (AFC) of an ultrasonic system, consisting of two 

transmitting and receiving signals of ultrasonic detectors, the maximum value of which in the frequency range 

(peaks) is also observed at frequencies 201.44 - 203.75 kHz (data of the authors)] 
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 .    ,    .  

          
  50     L   ( . . 15). 

    COM   
         

 .  –     
   ,   .  

       . 
  ,   .  ,  

       , 
   COM   .  
       

,         
  power bank.      
   ,       USB 

.  
       

 1200 / ,   ,     
   c  ,   15 .  

         ,  
   .  ,   , 

     ,      
   ,      
  1200 / ,     .   

      
 .  

  «  – »   -

  (  ).     
( . . 16)    ,    

    201,44-203,75 ,     
       .  
  4    (L)   L   

    .   , 

  ,     -   
          

 ,    ,     
    . 

 
 4 –   (L),    L     

   [Dependences of the error ε (L) as a function of the distance L during signal 

transmission between the transmitter and the receiver] 

 L,  (L), % 

1 2 % 

3 1 % 

5 1 % 

7 5 % 

9 15 % 

11 19 % 

13 27 % 

15 35% 

17 95 % 
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     ,  
 ,    . ,    

 , . .         -  
   ,    
,      .  , 

         
,    3,    ,   

        
.          

,   ,        
         

        . 
          

,        .   
  –     

  ,   , ;  .  
 –         

 ,    ,   ,    
      ,   

,   .  
        

.        
   ,  , 
    ,    

  .         
,    ,   

.    ,      
 .  ,     , 
 .  ,  ,   

   ,     ,  
.  ,          

 ,   ,   
 (6) Д7, 9Ж:  

              .                                                             (6) 

 

  ,    , 
    Д7, 9Ж,    

    ,    (7):   
 

                                                              
2

3

2

3 c

 


  ,                                                                 (7)                           

 ω –  ;  
      c –  ;  
      ρ –  ;  
                                                             
   –         . 

       ,   
       ,    .   

      ,      
.    ,       

 . 
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      γ –        (γ = ν×ρ, ν – 

 ). 
        

     
  ,      , 

   ( . 17), : 1 – , 
   ,    ,  

    2; 2 –  ,   
         

; 3 –  ,     
 ,      4; 4 – , 
         

; 5 – ,       
  ,   ; 6 – , 

           
 ; 7 –  ,    
    .  

 

 
 

 17 –         
   ДBКЬТМ ОХОЦОЧЭЬ ШП ТЧПШЫЦКЭТШЧ ЭЫКЧЬПОЫ ПЫШЦ ЭСО ЮЧНОЫаКЭОЫ НШЬТЦОЭЫв МШЦЩХОб ЭШ the 

operator's PC] 

 

      γ-    
-   .    

   γ- ,    γ-  
,     ( . 18) [10].  

 

 
 

 18 –  ( ) ( )   ( )  -  133
Ba:  

    : (1) – 1 ; (2) – 10- ; (3) – 30- ; (4) – 50-

 ДεОКЬЮЫОН (ТЧЬЭЫЮЦОЧЭКХ) (К) КЧН ЫОМШЧЬЭЫЮМЭОН (Л) ЬЩОМЭЫК ШП ЭСО -source of 
133

Ba: after iterative processing 

of the instrumental spectrum: (1) – 1 iteration; (2) – 10th; (3) – 30th; (4) – 50th] 
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       ,  
      γ- , 

 ,      
  

 γ-  , ,    ,  
     γ-  , 

   .       
    .  

           
.       

.  
        

   
       ( . . 17),   

        –  
 19.  

 

 
 

 19 –        
     : 1 ‒  ; 2 ‒ ;  

3 ‒   ДSМСОЦКЭТМ НТКРЫКЦ ШП К НОЯТМО ПШЫ ЭСО ШЩЭТЦКХ НТЫОМЭТШЧ ЬОКЫМСТЧР ШП 
information transfer from an underwater dosimetry complex to a buffer device: 1 – ultrasonic detector;  

2 – rack; 3 – rotating platform] 

 

 ,      (  θ)  
 (  φ)  ,     

- ,     -  
( . . 11 . 3).       

  ( . . 3).       
     ,   , 

,   . 
 ,       

      ,  
      , 

       -    -

 ,    .   
  θ   0  π/2,    φ ‒  0  π (180 ), 

    0     0  ‒ π.    

                                                             
     γ-      ,    11  

   ,     : 60  (Eγ  1173,237  1332,502 ); 22Na 
(Eγ  511,000  1274,543 ); 54 n (Eγ  834,848 ); 57  (Eγ  122,061  136,474 ); 241 m (Eγ  59,537 ); 
l37Cs (Eγ  661,660 ); 139  (Eγ  165,857 ); 113Sn (Eγ  391,705 ); 88Y (Eγ  834,848; 898,047  1836,066 

); 203Hg (Eγ  279,197 )  6SZn (Eγ  1115,546 ).      
   ±3 %;  ‒  105 . 
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,        ,    
   .      

  , ,  ,  θ/A


, 

   5,      

 – .  
 

 5 –     ( . .) ДUХЭЫКЬШЧТМ НОЭОМЭШЫ ЫОКНТЧРЬ 

 (rel. units)] 

 

   ,      
     ,  -   
 ,     -  

,    -  .   
   ,     

,       θ  φ.  
    ,   

    ,    
 ,   ,    

    .   7 ,    
           

  φ = 60 ,   θ = 60 .  
  , ,       

   φ  θ.  
     

   ,   ,   
    ,  

    ( )   .    
       
  ,     γ-    

γ- .      ,   
          . 

      -   
          ,  

          
 .        

        
    ( )   

    ( )   ,  
 -     -  

,   ,  -  
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    - .    
     , 

      ,    
    Д10Ж.     ( . . 18 ) 

    « » ( . . 18 ),  
    A(Ei)      Ei  

 .      
    ΔEi,    . 

   ,     
 -       , 

         
   .    ,   

         
 ,   ,  

   .  ,  ,   
    ,    

 ,   , ,    
,        

 .       
   (8) Д3Ж: 

 

   

               






 












N

i

mh

h
iDi

i

ii

iiiiiia

iD

ii
D

D

mbhE
b

a
dU

U

UE
pEEEEE

phyxD
p

1

1
25

00

2

11exp
1

exp
10458,12

,,







,     (8) 

 

               


N

i
iiiiiiiii

EEAEEEAEp
1


 
–    , 

   γ- ; 
                  –    γ-   
( . . 18 ); 

      
D

hyxD ,,
00


 –    γ-      

;  
      

0 0,x y  –   ;  
       iE  –   γ-   

iE  ;  

        µ(Ei) –    γ-    Ei   
(    ,    γ-  

);  
        iE  –   γ-    

iE    
;  

         iE  –    γ- ; 
         iE  –    γ- ,   

    ,   - ,   
  ,     

     [11],   ,  
 γ- ;  

         
Dh  –      ,  

; 
ia ,

ib  –    ,     
γ-  (    ,     
γ-  ). 
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       ,   , 
   ,     

         .   
,         ,   

      .   
     « »  

, . . ,       
,    , ,    -  

  -19  -23,       
  ≥ 365 ºK Д12Ж,       , 
      . 
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Abstract – The paper presents a study of the automated control system of the underwater radio-

controlled unmanned vehicle (as a prototype) which monitors the radiation in the deepwater area 

bottom (with the depth over 10 m), and a system of the operator-vehicle communication line. A 

standard approach to the radiation monitoring is applied with the help of spectrometric and 

dosimetry equipment, as well as an echo sounder mounted on the underwater vehicle. The 

communication line with a facility located on the ground is exercised in the following two ways: 

when in water, it is arranged through the information transmission by ultrasound to the buffer gear 

floating on the surface of the water area, and through the gear it gets in a retransmission to the 

operator on the ground via a radio channel. The control of the underwater vehicle is exercised in 

the reversed sequence: from the operator to the buffer gear, it goes through a radio channel, then it 

goes from the latter to the underwater vehicle by the retransmission into ultrasound, and then it 

reaches the receiving device of the underwater vehicle through further retransmission. 

 

Keywords: ultrasound data transmission, radio-controlled underwater vehicle, radiation monitoring 

of water area bottom, spectrometric, dosimetry equipment, radio communication channel. 
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